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Chapter 5
Seepage Control

Section I
Foundation Underseepage

5-1.  General

Without control, underseepage in pervious foundations beneath levees may result in (a) excessive hydrostatic
pressures beneath an impervious top stratum on the landside, (b) sand boils, and (c) piping beneath the levee
itself.  Underseepage problems are most acute where a pervious substratum underlies a levee and extends
both landward and riverward of the levee and where a relatively thin top stratum exists on the landside of
the levee.  Principal seepage control measures for foundation underseepage are (a) cutoff trenches, (b) riverside
impervious blankets, (c) landside seepage berms, (d) pervious toe trenches, and (e) pressure relief wells.
These methods will be discussed generally in the following paragraphs.  Detailed design guidance is given in
Appendixes B and C.  Turnbull and Mansur (1959) have proposed control measures for underseepage also.
Additional information on seepage control in earth foundations including cutoffs, impervious blankets,
seepage berms, relief wells and trench drains is given in EM 1110-2-1901 and EM 1110-2-1914.

5-2.  Cutoffs

A cutoff beneath a levee to block seepage through pervious foundation strata is the most positive means of
eliminating seepage problems.  Positive cutoffs may consist of excavated trenches backfilled with compacted
earth or slurry trenches usually located near the riverside toe.  Since a cutoff must penetrate approximately
95 percent or more of the thickness of pervious strata to be effective, it is not economically feasible to
construct cutoffs where pervious strata are of considerable thickness.  For this reason cutoffs will rarely be
economical where they must penetrate more than 12.2 m (40 ft).  Steel sheet piling is not entirely watertight
due to leakage at the interlocks but can significantly reduce the possibility of piping of sand strata in the
foundation.  Open trench excavations can be readily made above the water table, but if they must be made
below the water table, well point systems will be required.  Cutoffs made by the slurry trench method
(reference Appendix A) can be made without a dewatering system, and the cost of this type of cutoff should
be favorable in many cases in comparison with costs of compacted earth cutoffs.

5-3.  Riverside Blankets

Levees are frequently situated on foundations having natural covers of relatively fine-grained impervious
to semipervious soils overlying pervious sands and gravels.  These surface strata constitute impervious or
semipervious blankets when considered in connection with seepage control.  If these blankets are continuous
and extend riverward for a considerable distance, they can effectively reduce seepage flow and seepage
pressures landside of the levee.  Where underseepage is a problem, riverside borrow operations should be
limited in depth to prevent breaching the impervious blanket.  If there are limited areas where the blanket
becomes thin or pinches out entirely, the blanket can be made effective by placing impervious materials in
these areas.  The effectiveness of the blanket depends on its thickness, length, distance to the levee riverside
toe, and permeability and can be evaluated by flow-net or approximate mathematical solutions, as shown
in Appendix B.  Protection of the riverside blanket against erosion is important.
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beneath the top stratum.  However, the berm can be constructed to the thickness necessary to provide an
adequate factor of safety against uplift.

(2)  Semipervious berms.  Semipervious material used in constructing this type of berm should have an
in-place permeability equal to or greater than that of the top stratum.  In this type of berm, some seepage will
pass through the berm and emerge on its surface.  However, since the presence of this berm creates additional
resistance to flow, subsurface pressures at the levee toe will be increased.

(3)  Sand berms.  While a sand berm will offer less resistance to flow than a semipervious berm, it may
also cause an increase in substratum pressures at the levee toe if it does not have the capacity to conduct
seepage flow landward without excessive internal head losses.  Material used in a sand berm should be as
pervious as possible, with a minimum permeability of 100 x 10  cm per sec.  Sand berms require less material-4

and occupy less space than impervious or semipervious berms providing the same degree of protection.

(4)  Free-draining berms.  A free-draining berm is one composed of random fill overlying horizontal sand
and gravel drainage layers (with a terminal perforated collector pipe system), designed by the same methods
used for drainage layers in dams.  Although the free-draining berm can afford protection against
underseepage pressures with less length and thickness than the other types of seepage berms, its cost is
generally much greater than the other types, and thus it is rarely specified.

c.  Berm design.  Design equations, criteria, and examples are presented in Appendix C for seepage
berms.  

d.  Computer programs to use for seepage analysis.  

(1)  If the soil can be idealized with a top blanket of uniform thickness and seepage flow is assumed to be
horizontal in the foundation and vertical in the blanket, then LEVSEEP (Brizendine, Taylor, and Gabr 1995)
or LEVEEMSU (Wolff 1989; Gabr, Taylor, Brizendine, and Wolff 1995) could be used.

(2)  If the soil profile is characterized by a top blanket and two foundation layers of uniform thickness,
and seepage flow is assumed to be horizontal in the foundation, horizontal and vertical in the transition layer,
and vertical in the blanket, then LEVEEMSU or the finite element method (CSEEP) could be used
(Biedenharn and Tracy 1987; Knowles 1992; Tracy 1994; Gabr, Brizendine, and Taylor 1995).  LEVEESMU
would be simpler to use.

(3)  If the idealized soil profile includes irregular geometry (slopes greater than 1 vertical to
100 horizontal), more than three layers and/or anisotropic permeability (k  … k ), then only the finite elementv h

method (CSEEP) is applicable.  When using CSEEP it is recommended that FastSEEP, a graphical pre- and
post-processor, be used for mesh generation, assigning boundary conditions and soil properties, and viewing
the results (Engineering Computer Graphics Laboratory 1996).

5-5. Pervious Toe Trench

a.  General.  Where a levee is situated on deposits of pervious material overlain by little or no impervious
material, a partially penetrating toe trench, as shown in Figure 5-2, can improve seepage conditions at or near
the levee toe.  Where the pervious stratum is thick, a drainage trench of any practicable depth would attract
only a small portion of the seepage flow and detrimental underseepage would bypass the trench.
Consequently, the main use of a pervious toe trench is to control shallow underseepage and protect the area
in the vicinity of the levee toe.  Pervious toe trenches may be used in conjunction with relief well systems;
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5-8. Pervious Toe Drain

A pervious toe (Figure 5-8b) will provide a ready exit for seepage through the embankment and can lower the
phreatic surface sufficiently so that no seepage will emerge on the landside slope.  A pervious toe can also be
combined with partially penetrating toe trenches, which have previously been discussed, as a method for con-
trolling shallow underseepage.  Such a configuration is shown in Figure 5-8c.

5-9. Horizontal Drainage Layers

Horizontal drainage layers, as shown in Figure 5-9a, essentially serve the same purpose as a pervious toe but
are advantageous in that they can extend further under the embankment requiring a relatively small amount
of additional material.  They can also serve to protect the base of the embankment against high uplift
pressures where shallow foundation underseepage is occurring.  Sometimes horizontal drainage layers serve
also to carry off seepage from shallow foundation drainage trenches some distance under the embankment
as shown previously in Figure 5-4.

5-10.  Inclined Drainage Layers

An inclined drainage layer as shown in Figure 5-9b is one of the more positive means of controlling internal
seepage and is used extensively in earth dams.  It is rarely used in  levee construction because of the added
cost, but might be justified for short levee reaches in important locations where landside slopes must be steep
and other control measures are not considered adequate and the levee will have high water against it for
prolonged periods.  The effect of an inclined drainage layer is to completely intercept embankment seepage
regardless of the degree of stratification in the embankment or the material type riverward or landward of
the drain.  As a matter of fact, the use of this type of drain allows the landside portion of a levee to be built
of any material of adequate strength regardless of permeability.  When used between an impervious core and
outer pervious shell (Figure 5-9c), it also serves as a filter to prevent migration of impervious fines into the
outer shell.  If the difference in gradation between the impervious and pervious material is great, the drain
may  have to be designed as a graded filter (Appendix D).  Inclined drains must be tied into horizontal
drainage layers to provide an exit for the collected seepage as shown in Figures 5-9b and 5-9c.

5-11.  Design of Drainage Layers

The design of pervious toe drains and horizontal and inclined drainage layers must ensure that such drains
have adequate thickness and permeability to transmit seepage without any appreciable head loss while at the
same time preventing migration of finer soil particles.  The design of drainage layers must satisfy the criteria
outlined in Appendix D for filter design.  Horizontal drainage layers should have a minimum thickness of
457.2 mm (18 in.) for construction purposes.

5-12. Compaction of Drainage Layers

Placement and compaction of drainage layers must ensure that adequate density is attained, but should not
allow segregation and contamination to occur.  Vibratory rollers are probably the best type of equipment for
compaction of cohesionless material although crawler tractors and rubber-tired rollers have also been used
successfully.  Saturation or flooding of the material as the roller passes over it will aid in the compaction pro-
cess and in some cases has been the only way specified densities could be attained.  Care must always be taken
to not overcompact to prevent breakdown of materials or lowering of expected permeabilities.  Load-
ing, dumping, and spreading operations should be observed to ensure that segregation does not occur.
Gradation tests should be run both before and after compaction to ensure that the material meets specifications
and does not contain too many fines.




